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Objective: Obesity prevalence among children is high and knowledge on cognitive factors that contribute
to children’s reactivity to the “obesogenic” food environment could help to design effective treatment and
prevention campaigns. Empirical studies in adults suggest that attention bias for food could be a risk
factor for overeating. Accordingly, the current study tested if children with obesity have an elevated
attention bias for food when compared to healthy-weight children. Another aim was to explore whether
attention biases for food predicted weight-change after 3 and 6 months in obese children. Method: Obese
children (n  34) were recruited from an intervention program and tested prior to the start of this
intervention. Healthy-weight children (n  36) were recruited from local schools. First, attention biases
for food were compared between children with obesity (n  30) and matched healthy-weight children
(n  30). Second, regression analyses were conducted to test if food-related attention biases predicted
weight changes after 3 and 6 months in children with obesity following a weight loss lifestyle
intervention. Results: Results showed that obese children did not differ from healthy-weight children in
their attention bias to food. Yet automatically directing attention toward food (i.e., initial orientation bias)
was related to a reduced weight loss (R2  .14, p  .032) after 6 months in children with obesity.
Discussion: High palatable food is a salient stimulus for all children, irrespective of their weight status.
However, automatically directing attention to food cues might facilitate further weight gain in children
with obesity.
Keywords: obesity, childhood, attention bias, weight gain, eye-tracking
Obesity is a serious problem worldwide, for both adults and
children (Ogden, Carroll, Kit, & Flegal, 2014; Wang & Lim, 2012;
World Health Organization, 2013). Childhood obesity is particu-
larly problematic because it is not only associated with several
severe comorbid psychological and physical problems (Pulgaron,
2013) but is also predictive of adult obesity and a risk factor for
mortality (Cali & Caprio, 2008). Given the negative consequences
of childhood obesity, it is important to gain a better understanding
of factors contributing to overeating and obesity in children in
order to develop effective treatments and prevention strategies.
In the western “obesogenic” environment high-calorie and pal-
atable foods are available everywhere and marketed aggressively,
particularly to children (Halford, Gillespie, Brown, Pontin, &
Dovey, 2004; Harris, Bargh, & Brownell, 2009; Kelly et al., 2010).
All western children live in the same obesogenic environment, but
many of them are not obese. Studying (cognitive) mechanisms,
which could cause some children to be overly responsive to these
food temptations, could contribute to a better understanding of
individual differences in eating behavior and weight status.
Attention biases to palatable, high-calorie food could be one
possible vulnerability factor that contributes to overeating (e.g.,
Berridge, 1996; Castellanos et al., 2009; Werthmann et al., 2011).
Research on attention biases for food and its relation to body
weight has mainly been conducted in adults, with mixed results
(see, for a review, Werthmann, Jansen, & Roefs, 2014).
For example, some studies suggest increased attention bias for food
in participants with obesity vs. healthy-weight participants (e.g., Cas-
tellanos et al., 2009). Yet others report increased attention bias fol-
lowed by avoidance to look at high calorie food in overweight vs.
healthy-weight participants (e.g., Werthmann et al., 2011), or even
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increased attentional avoidance of food cues with increasing body
mass index (BMI; e.g., Nummenmaa et al., 2011). Other studies
report no association between food-related attentional biases and BMI
(e.g., Loeber et al., 2012).
Although a number of studies on attention bias for food have been
conducted in adults, only two studies so far have been conducted in
children with obesity (Braet & Crombez, 2003; Soetens & Braet,
2007). Similar to findings on attentional bias for food in adults, these
two studies provided contradictory evidence for an attention bias for
food cues in children with overweight and obesity when compared to
healthy-weight children. One study, using a food Stroop task (Braet &
Crombez, 2003), showed that children with obesity were slower in
naming the color of a colored food word than a colored neutral word,
as compared to healthy-weight children. Accordingly, the authors
concluded that children with obesity found it more difficult to sup-
press processing the meaning of food words and might thus be more
preoccupied with food, whereas healthy-weight children were not
distracted by the meaning of food words (Braet & Crombez, 2003).
The other study (Soetens & Braet, 2007) used an embedded word task
comprising high-calorie food words and matched control words as a
measure of attention bias for food in overweight and healthy-weight
adolescents (between 12 and 18 years). The embedded word task
consists of a grid of words and nonwords and requires detecting as
many words as possible during a certain time interval (in this study 6
minutes). No significant differences in the number of detected food
words were found between overweight and healthy-weight adoles-
cents, indicating that the two groups did not differ in their processing
of hidden food words (Soetens & Braet, 2007).
The diversity of research findings in both adult and pediatric
samples could be due to methodological differences in the assessment
of attentional bias. When measuring attention bias, an important
distinction can be made between an indirect and a direct assessment
of attention allocation. Both studies in pediatric samples relied on
indirect tasks. A recognized difficulty of assessing attention biases
indirectly (e.g., by response latencies) is that only a snap-shot view of
attention processes can be provided (Mogg, Bradley, Field, & De
Houwer, 2003). Indirect assessments rely on inferences on attention
allocation during the critical stimulus presentation and often fail to
inform us of the direction of attention or the underlying temporal
attention components (e.g., Field, Munafò, & Franken, 2009; Mogg et
al., 2003). A direct measure of visual attention allocation is eye-
tracking, and a recent meta-analysis concluded that eye-movements
are the most sensitive measure to capture visual attention biases (Field
et al., 2009). The current study advances previous studies on attention
bias in children by measuring food-related attentional allocation as
closely as possible, using eye-tracking technology in addition to the
assessment of response latencies.
By means of eye-tracking, different temporal components of atten-
tion can be identified within each trial and insight on the direction of
attention is provided. This information is important for research
on attention bias and eating behavior. For example, the direction of
the attention process (i.e., looking toward or away from food) has
been associated with subsequent increase or decrease of food intake in
adults (e.g., Werthmann, Field, Roefs, Nederkoorn, & Jansen, 2014).
Moreover, information on different temporal attention components is
important because they are thought to reflect automatic versus con-
trolled attention processes (LaBerge, 2002). For example, initial at-
tention orientation and initial gaze durations are thought to reflect
more automatic processes of attentional bias. Dwell time bias (main-
tained attention) on food stimuli presumably reflects more controlled
and wilful attention allocation. Research suggested that these different
temporal attention components might have differential associations
with subsequent eating behavior and craving (Field et al., 2009;
Werthmann et al., 2011). Table 1 provides an overview of attention
bias components based on a direct assessment of visual attention as
provided by eye-tracking.
Research on the role of attentional bias for food in relation to BMI
has mainly been conducted cross-sectionally, leaving the relation of
an attention bias for food and subsequent weight change unexplored.
However, two recent studies suggest that increased attentional pro-
cessing of unhealthy food cues predicts increase in BMI in female
adolescents (Yokum, Ng, & Stice, 2011) and a student sample (Cal-
itri, Pothos, Tapper, Brunstrom, & Rogers, 2010). Hence, the current
study explored whether attentional biases predict weight change over
time in children with obesity who were enrolled in a lifestyle inter-
vention.
To sum up, the primary aim of the current study was to test if
children with obesity have an elevated attention bias for high-calorie
food when compared to matched healthy-weight children, using eye-
tracking technology as a dynamic and direct measure of visual atten-
tion. Another aim was to extend the cross-sectional design of previous
research, and to test prospectively whether attention bias for food
could predict weight change over 3 and 6 months in children with
obesity following a lifestyle intervention.
We expected that children with obesity would show enhanced
attentional biases toward high-calorie food images in comparison to
healthy-weight children (Hypothesis 1). In addition, we hypothesized
that stronger attentional biases for food would be predictive of re-
duced weight loss or increased weight gain at 3 and 6 months
follow-up in children with obesity following a lifestyle intervention to
lose weight (Hypothesis 2).
Method
Participants
Thirty-four children with obesity, who were enrolled in an outpa-
tient pediatric obesity lifestyle intervention at the local academic
hospital, and 36 healthy-weight children recruited from local schools
were tested. For our first hypothesis, which involved testing a cross-
section of obese and healthy children and determining whether their
attention bias for food differed, we found an individual matching on
age and gender in 30 obese/healthy-weight children pairs. Thus, our
cross-sectional analysis is based on a subsample of all tested obese
children (30 out of 34 children) and healthy-weight children (30 out
of 36 children). For our second hypothesis, testing whether attention
biases for food related to weight change over 3 and 6 months in obese
children, we included all 34 tested obese children. However, data on
three children was missing on the reassessment of height and weight
after 3 months and thus this analysis was based on data of 31 obese
children. At the 6-month reassessment, data on two children was
missing and thus this analysis was based on data of 32 children.1
1 The cross-sectional analysis, testing Hypothesis 1, was repeated in-
cluding all tested 34 obese children and 36 healthy-weight children and
results remained the same. Similarly, follow-up analyses, testing Hypoth-
esis 2, were repeated for the subsample of the 30 obese children (included
to test Hypothesis 1) also yielded the same results as when including the






































































































1124 WERTHMANN ET AL.
All participants received the same information about the study
with an information letter and an informed consent form. Recruit-
ment procedures differed slightly per participant group. Children
with obesity and their parents were approached in the pediatric
obesity unit at the hospital, and were asked to participate in the
current study at one of their first appointments there, prior to the
start of a lifestyle intervention for weight loss. Thus, the partici-
pating children with obesity partook in the current experimental
procedure prior to the start of the lifestyle intervention. The chil-
dren with obesity then proceeded to follow the first 6 months of the
lifestyle intervention, which was planned to continue for a longer
duration. During this time, follow-up measurements of weight and
height in the obese children were obtained for the current study.
The children with obesity included in our study represent only a
small subsample of the children included in the lifestyle interven-
tion. Clinical effectiveness results regarding the lifestyle interven-
tion, as well as a description of the lifestyle intervention, will be
reported in due time in a separate report.
Healthy-weight children were approached in their schools. Chil-
dren received information verbally by one of the experimenters
and their parents received information leaflets. Healthy-weight
children were informed that they were only eligible for participa-
tion if they had a healthy-weight (based on self-report) and would
match in the mean age and gender range of included children with
obesity. If parents and their children provided informed consent
they were invited for participation.
Six schoolchildren were tested but not included in analyses,
because at the end of data collection, they did not match tested
obese participants in age and/or gender (n  4) or because assess-
ment of the BMI at the end of testing indicated that they were
overweight (n  2). So, 30 children with obesity and 30 healthy-
weight children who were matched individually on age and gender
were included in data analyses for testing Hypothesis 1 (i.e.,
differences in attentional biases between children with obesity and
healthy-weight children). Matching was successful, in that the
groups of children with obesity and healthy-weight children did
not differ on age, t(29)  0.14, p  .89, or gender distribution,
2(1, 60)  0.00, p  1, see Table 2 for characteristics. The
percentage of overweight was calculated based on the BMI divided
by the national (Dutch) norm BMI (Van Winckel & Van Mil,
2001), adjusted for gender and age,  100 (for a similar classifi-
cation, see, e.g., Braet & Crombez, 2003; Nederkoorn, Coelho,
Guerrieri, Houben, & Jansen, 2012; Soetens & Braet, 2007).
According to this percentage a value of 100% indicates 0% over-
weight. A BMI percentage of 90–120% is regarded as a healthy
BMI range for a child. A percentage of 120–140% of the ideal
weight is classified as overweight, a percentage of 140–160% is
classified as moderate obesity, and a percentage of 160% is re-
garded as serious obesity. According to this classification, nine
(30%) of the tested children with obesity were moderately obese
and 21 (70%) were severely obese (range: 142.28–232.56%). All
healthy-weight children had an adjusted BMI within the healthy
weight range (range: 81.67–116.84%). For mean adjusted BMI per
group, see Table 2.
Three- and 6-month follow-up data on BMI for 31 and 32
children with obesity, respectively, was available throughout the
assessment in the hospital and was used to test Hypothesis 2 (i.e.,
















































































































































































































































































































































































































































































































































































































































































































































1125ATTENTIONAL BIAS FOR FOOD IN CHILDREN
Pictorial Visual Probe Paradigm
Overview. Attention allocation toward high-calorie food
stimuli was measured during a visual probe task with concurrent
recordings of eye movements as a direct measure of attention bias,
and the assessment of response latencies as an indirect index of
attention bias. In the visual probe task, two images are presented
simultaneously side by side followed by a probe () appearing in
the location of one of the images. Children were instructed to
indicate the location of the probe as quickly as possible by pressing
a corresponding key on a standard computer keyboard. Children
first completed a brief practice round to get familiarized with the
visual probe task.
Timing trials. Each trial started with a central fixation cross,
which remained on the screen for 100 ms. Subsequently, the target
image pair was presented for 3,000 ms. Then the probe () was
presented until the participant responded by pressing the appropri-
ate key on a button box.
Trial types. A brief practice round with 10 trials was included
prior to the actual task. The actual visual probe paradigm included
80 trials in total: 64 critical trials and 16 filler trials. These trials
were divided into two blocks of each 40 trials. Critical trials
consisted of 16 stimulus pairs, each presented four times. Filler
trials consisted of four stimulus pairs, each presented four times.
The position of the probe was equally distributed per stimulus type
and displayed on the left and right side of the screen in equal
measure. The order of trials was uniquely randomized for each
participant.
Stimuli. In critical trials, the image pair consisted of a picture
of a high-calorie food item and a picture of an animal (e.g., crisps
and little ducklings; see Figure 1 for illustration). Filler trials
consisted of picture pairs depicting two neutral nonfood photo-
graphs (e.g., shoes and furniture). All image pairs were matched as
closely as possible with regard to color, complexity and brightness,
and size of the depicted object. A pilot test was conducted to match
Table 2
Participants Characteristics and Mean Attentional Bias Scores Statistical Tests of Group Differences Between Healthy-Weight and
Children With Obesity
Healthy-weight
children (n  30)
Children with obesity
(n  30) Test statistic
M SD M SD t(df) 2(df) p (two-tailed)
Age 11.82 2.99 11.91 2.93 t(58)  .12, p  .91
Gender 13 boys/17 girls 13 boys/17 girls 2(1)  .00 p  1
BMI 17.16 1.85 30.61 4.81 t(58)  14.28 p  .001
Adjusted BMIa 97.49 8.95 176.05 23.05 t(58)  17.40 p  .001




2(1)  1.09 p  .29
Initial orientation biasa 53.51 9.85 52.90 7.23 t(58)  .27 p  .79
Initial gaze duration biasb 94.26 271.66 53.65 273.35 t(58)  .58 p  .56
Dwell time biasb 123.27 338.46 10.68 354.38 t(58)  1.50 p  .14
Response latency biasb 20.52 52.95 1.64 57.76 t(58)  1.55 p  .13
Note. BMI  body mass index; adjusted BMI  BMI divided by the national (Dutch) norm BMI (Van Winckel & Van Mil, 2001), adjusted for gender
and age,  100. Initial orientation bias  N of first fixations on high-calorie food stimuli/(N of first fixations on high-calorie food stimuli  N of first
fixations on non-food stimuli)  100. Initial gaze duration bias  mean duration of the sum of initial fixations occurring within region of high-calorie food
stimuli when initially fixated on - mean duration of the sum of initial fixations occurring within region of non-food stimuli when initially fixated on. Dwell
time bias  mean total dwell time on high-calorie food stimuli  mean total dwell time on non-food stimuli. Response latency bias  Mean response
latency in congruent trials  mean response latency in incongruent trials.
a in %. b in ms. c unequal variances: df were corrected; t and p are reported accordingly.
Figure 1. Examples of critical picture pairs depicted in the visual probe task. Pictures are depicted here with
watermark due to copyright. However, in our study, pictures were displayed without watermark. See the online






































































































1126 WERTHMANN ET AL.
food and animal stimuli on attractiveness. For critical picture pairs,
pictures of animals were matched with pictures of palatable, high-
calorie food on visual features and pictures of furniture and shoes
were matched on visible feature to create neutral filler picture
pairs. In the pilot, 65 schoolchildren rated a pool of 48 matched
critical picture pairs and 18 matched neutral filler picture pairs on
the valence and attractiveness of each of the depicted stimuli on a
5-point Likert scale, with higher scores indicating more attractive-
ness. Based on these ratings, the 20 picture critical pairs in which
the food stimulus and the animal stimulus were rated most
attractive and at the same time most similar in terms of attrac-
tiveness were used in this study (Mratings animals  3.89, SD 
0.5; Mratings food  4.07, SD  0.4; overallratings critical pairs 
3.88, SD  0.3). For filler trials, 10 of the most neutrally and
similarly rated neutral filler pairs were included (overall
Mratings filler pairs 2.99, SD  0.3). Each picture was presented
equally often on the left and on the right of the screen. For
practice trials, pictures pairs consisted of photographs of neutral
nonfood items, which were different from the photographs used
for filler trials. See Figure 1 for examples of critical picture
pairs.
Eye movement measurements. Eye movements were re-
corded by a desktop mounted EyeLink 1000 system (SR Research
Ltd., Mississauga, Ontario, Canada). A 9-point calibration with
subsequent validation procedure was conducted prior to the visual
probe paradigm. To assess attention allocation processes, partici-
pants’ gaze fixations were studied. Gaze fixations were defined as
any period that is not a blink or saccade and lasts at least 100 ms
(“EyeLink Data Viewer User’s Manual,” 2011). Eye movements
that occurred before the presentation of an image pair were ex-
cluded, because these movements could represent anticipatory
fixations.
For analysis purposes, the computer screen was divided into
three areas of interest: the midsection, which indicated the location
of the fixation cross, and the left and right sections, representing
the locations of the picture stimuli. Only eye movements in critical
trials directed either to the left or the right section of the screen
were extracted for further analyses. Eye movements in filler trials
and gaze fixations in the mid area were excluded from further
analyses. Eye movements were extracted using Data Viewer (SR
Research Ltd., Mississauga, Ontario, Canada).
Attention bias scores. Three attention bias scores were de-
rived from the eye movement data: initial orientation bias scores,
initial gaze duration bias scores and gaze dwell time bias scores,
see also Table 1.
An initial orientation bias reflects an early attentional process,
and is calculated based on the number of first fixations that are
directed to a high-calorie food picture as a proportion of all trials
on which a first fixation is made to either picture (Castellanos et
al., 2009; Werthmann et al., 2013). A bias score of 50% indicates
no bias for food, a bias score greater than 50% represents a higher
proportion of first fixations directed to high-calorie food stimuli,
whereas a bias score lower than 50% indicates a higher proportion
of first fixations directed to nonfood stimuli.
The initial gaze duration bias is seen as a measure for early
attention maintenance (e.g., Bradley, Mogg, Wright, & Field,
2003). This bias is calculated based on the sum of multiple
fixations occurring within the region of the initially fixated
picture before gaze is shifted away. This means that the first
initial fixation may be followed by a second or third fixation
within the same picture. The sum of these initial fixations
together indicates initial gaze duration before the person looked
away from the picture. Initial gaze durations per image category
(high-calorie food or nonfood) were averaged over the relevant
trials per participant. Bias scores for the initial gaze duration
were computed by subtracting the mean duration of initial
fixation directed to nonfood images from the mean duration of
initial fixation directed to high-calorie food images. Thus, a
positive score is indicative of longer initial attention mainte-
nance on high-calorie food stimuli, whereas a negative score is
indicative of the reverse: longer initial maintenance on nonfood
stimuli.
Gaze dwell time is informative regarding the maintenance of
attention on critical stimuli (e.g., Mogg, Field, & Bradley, 2005).
Overall dwell time per image category (high-calorie food vs.
nonfood) was calculated for each critical trial, and then averaged
per image category over all trials, resulting in an average total
dwell time per image category. For the gaze dwell time bias score,
the mean dwell time on nonfood images was subtracted from the
mean dwell time on high-calorie food images. Thus, a positive
score indicates that attention was maintained longer on high-
calorie food items than on nonfood items, whereas a negative score
indicates the reverse: longer maintained attention on nonfood
items.
Manual response latencies to probes. The logic of the visual
probe task presumes that participants are faster to respond to
probes appearing in the location of the stimulus that they attended
and are slower to respond to probes appearing in the location of the
stimulus that they did not attend (MacLeod, Mathews, & Tata,
1986). Participant’s manual response latencies when indicating the
location of the probe were used to calculate response latency bias
scores. Based on a stimulus duration of 3,000 ms, the response
latency bias indirectly reflects a maintained attention process. For
analysis, response latencies from incorrect trials were excluded
(1.9% of all trials). Response latencies were excluded from further
analyses if they were faster than 200 ms, slower than 2,000 ms, and
if they deviated more than 3 SDs from each participant’s mean
(2.1% of all trials; e.g., Castellanos et al., 2009; Mogg, Bradley,
Hyare, & Lee, 1998). Based on this calculation, 4% of data was
discarded. Response latency bias scores were then calculated by
subtracting the mean response latency on congruent trials (i.e.,
when the probe replaced a high-calorie food image) from the mean
response latency on incongruent trials (that is, when the probe
appeared in the same location as the preceding nonfood image). A
positive bias score indicates an attention bias toward high-calorie
food, whereas a negative bias score indicates an attention bias
away from high-calorie food.
Procedure
All children were tested individually in a dimly lit room
between 9 a.m. and 12 p.m. Healthy-weight children were
tested at their respective schools and children with obesity were
tested in a laboratory room at the Faculty of Psychology &
Neuroscience, Maastricht University, as part of a general base-
line assessment of their physical and psychological condition at
the hospital. After a brief validation procedure to adjust eye-






































































































1127ATTENTIONAL BIAS FOR FOOD IN CHILDREN
trials and subsequently continued with the first half of the visual
probe task. The visual probe task was split in two blocks to give
children the possibility to take a brief rest of about 1 or 2
minutes between blocks. After the short break, children com-
pleted the second half of the visual probe task. Then children or
their parents provided information on age and school type.
Finally, weight and height were measured without shoes and in
light clothing to calculate the BMI and the adjusted BMI.
Weight was measured using a digital scale and height was
measured with a tape measure. Weight and height for children
with obesity was subsequently assessed at their 3-month and
their 6-month follow-up appointment at the hospital. All chil-
dren received compensation with the value of €7.50 for their
participation in the experiment. The current study received
ethical approval from the ethics committee of the Faculty of
Psychology & Neuroscience, Maastricht University and from
the medical-ethical committee at the local academic hospital.
Data Analysis
To test if healthy-weight children differ in their attention bias
for food from children with obesity (Hypothesis 1), an inde-
pendent t test with group (healthy-weight vs. obese) as inde-
pendent variable was conducted for the four measures of atten-
tion biases (initial orientation, initial gaze duration, dwell time,
response latencies). To test further if observed attention bias
scores were significantly stronger for food images, several
one-sample t tests were conducted for the whole group. To test
if all children initially looked more often at the food image than
at the nonfood image, a one-sample t test for initial orientation
bias (tested against 50, indicating no bias) was conducted. To
test if children remained with their attention longer on food
versus nonfood stimuli, one-sample t tests against 0 (indicating
no bias on the attention-maintenance based attention measures)
were conducted for initial duration bias, for dwell time bias and
for the response latency bias.
To test Hypothesis 2, we explored if attention biases for food
predicted BMI change at 3 months and at 6 months in children
with obesity who were enrolled in the lifestyle intervention.
First, BMI change for 3 and 6 months was computed for all
children with obesity. For BMI change after 3 months, the
adjusted BMI % at time of testing was subtracted from the
adjusted BMI % at 3 months. Similarly for BMI change after 6
months, the adjusted BMI % at testing was subtracted from the
adjusted BMI % at 6 months. A positive score represents an
increase in adjusted BMI %, thus weight gain over time ad-
justed for gender and age, whereas a negative score represents
a decrease in adjusted BMI %, thus weight loss adjusted for
gender and age. Follow-up data at 3 and 6 months were missing
for two children who stopped coming to their regular appoint-
ments at the hospital, and for one child who missed the ap-
pointment at 3 months. Follow-up data on the remaining sample
of 32 children with obesity was used for analyses at 6 months
and for 31 children with obesity at 3 months. BMI change at 3
and BMI change at 6 months (based on % overweight, adjusted
for gender and age, according to the national norms) was
entered as dependent variable in the two regression analyses,
respectively. All four attentional bias measures (initial orienta-
tion, initial gaze duration, dwell time and response latencies)
were centered before being entered as predictors into the re-
spective regression model. As previous research does not give
an indication which attention bias measure might be the best
predictor for BMI change over time, an exploratory approach
was chosen by selecting the backward method as analytic




Participating children were on average about 12 years old
(Mage  11.86, SD  2.93, age range  6.45–16.82 years).
More girls (n  34) than boys (n  26) participated. Although
matching children in age was successful, more obese children
were still in the primary school at the time of testing in
comparison to healthy-weight children, even though this differ-
ence was not significant, see Table 2 for all participants’
characteristics.
Do Attentional Biases Differ Between Healthy-Weight
Children and Children With Obesity?
Healthy-weight children and children with obesity were com-
pared on attentional bias measures (initial direction, initial gaze
duration, dwell time, response latencies). Results showed that
attention for food did not differ on any of the attentional bias
measures between children with obesity and healthy-weight
children, all ts  1.50, all ps  .14, see Table 2 for exact
statistics. Further, one sample t tests indicated that all children
directed their first gaze more often toward food cues than
nonfood cues (M  53.21, SD  8.58), t(59)  2.90, p  .005.
Moreover, all children also maintained their first gaze longer on
food cues than on nonfood cues (M  73.95, SD  270.96),
t(59)  2.11, p  .039. No significant results for dwell time
bias (M  56.30, SD  350.14), t(59)  1.24, p  .22, and
response latency bias (M  9.44, SD  56.06), t(59)  1.30,
p  .20, were obtained, indicating that attention was not main-
tained longer on food images than nonfood images in later
attention processes in the whole sample.
Do Attentional Biases Predict Change in BMI After 3
and 6 Months?
Mean adjusted BMI change was 1.58% (SD  8.88) at 3
months and 2.40% (SD  10.82) at 6 months. Inspection of a
scatterplot suggested that one participant had an outlying decrease
in adjusted BMI scores after 3 months (28.68% change in
adjusted BMI; i.e., 3.05 SDs below the mean adjusted BMI
change) and after 6 months (38.90% change in adjusted BMI;
i.e., 3.30 SDs above the mean adjusted BMI change), and therefore
these outlying BMI changes were recoded to the nearest BMI
change score in the obese group (19.58%, i.e., 2.04 SDs below
the mean adjusted BMI change, and 19.21%; i.e., 1.55 SDs






































































































1128 WERTHMANN ET AL.
2011) prior to the regression analysis.2 Results of the regression
analysis testing if attention bias measures predicted BMI change at
3 months indicated that none of the attentional bias measures were
significantly related to change in adjusted BMI after 3 months in
children with obesity enrolled in a lifestyle intervention, all 	 
.16, all ps  .45.
Results of the regression analysis testing if any of the attention
bias measures was related to BMI change at 6 months showed that
initial orientation bias significantly predicted changes in BMI after
6 months, 	  0.38, t(30)  2.24, p  .032, and explained 14%
of variance in BMI change after 6 months, R2  .14, F(30)  5.03,
p  .032, see Figure 2.
This finding suggests that initially directing attention more often
toward food than nonfood stimuli was related to a reduced weight
loss or even weight gain after 6 months in children with obesity
enrolled in a lifestyle intervention.
Discussion
Attention bias for food might contribute to increased food intake
and therefore constitute a cognitive mechanism contributing to the
development and/or maintenance of obesity. The primary aim of
this study was to test whether children with obesity differ in their
attention bias for food from healthy-weight children. A second aim
was to test if attention bias for food predicts subsequent weight
change in children with obesity who were, by then, following a
weight loss lifestyle intervention. To test these hypotheses, atten-
tion bias for food was measured in healthy-weight children and in
children with obesity using a visual probe task depicting food and
nonfood stimuli with concurrent assessment of eye-movements
and measurement of response latencies.
Contrary to our first hypothesis, our results provide no empirical
evidence for differences in attentional biases for food between
children with obesity and healthy-weight children. Instead, our
results suggest that all children have a tendency to orientate toward
palatable high-calorie food cues (i.e., initial orientation bias) and
initially maintain their first gaze longer on food cues than on
nonfood cues (i.e., initial gaze duration bias). These findings
suggest that palatable high-calorie food cues are highly salient
stimuli for all children, irrespective of their weight status. Consid-
ering that food items were more powerful in capturing children’s
initial attention even when paired with equally liked animal pic-
tures, our results therefore highlight the prominence of food cues
in the “obesogenic” environment for children.
Although the observation that all children, not only children
with obesity, have an attention bias for food cues concurs with
similar findings in adults suggesting that all adults have an atten-
tional bias for food, irrespective of their weight (e.g., Nijs, Fran-
ken, & Muris, 2008; Werthmann, Roefs, Nederkoorn, & Jansen,
2013; Werthmann, Roefs, Nederkoorn, Mogg, et al., 2013), it
contradicts studies that demonstrated differences in attention bias
for food in obese versus healthy-weight adults and children (Braet
& Crombez, 2003; Castellanos et al., 2009). One possible expla-
nation for this diversity of results is related to the choice of
paradigm and the choice of relevant stimuli. Different paradigms
tap into different attention processes: Indirect measures of atten-
tion bias, as applied in previous studies with pediatric samples,
might reflect processes other than direct measurements of visual
attention, as applied in the current study. For example, the assess-
ment of response latencies as a measure for attention bias has been
debated and researchers have argued that the indirect assessment
of attention bias via response latencies may not be reliable (Ataya
et al., 2012; Field & Christiansen, 2012; Kappenman, Farrens,
Luck, & Proudfit, 2014).
Thus, a particular strength of the current study was that the
direct assessment of attention allocation (by means of eye-
tracking) complemented indirect measurements of attention pro-
cesses. Eye-tracking provides a more detailed and accurate account
of visual information processing, thereby overcoming the disad-
vantage of indirect attention indices, which reflect only a snap-shot
view of attention allocation (based on the stimulus duration) and
cannot inform on attention processes during the stimuli presenta-
tion itself (see, e.g., Mogg et al., 2003). In contrast, eye-tracking
based attention bias scores reflect attentional processing during the
stimuli presentation and can provide information on different
temporal components of attention and on attentional approach or
avoidance. Hence, previous studies might have come to different
results because they relied on indirect assessment of attention and
therefore tapped into a different mechanism than visual processing
of food cues.
Moreover, the stimulus selection might also affect attentional
processes. Previous research that measured food-related attention
often contrasted high-calorie food items with a relatively neutral
stimulus category, such as office supplies or musical instruments.
In this respect, the current study highlights the power of an
attentional bias for food cues by demonstrating that even in con-
trast to a highly liked contrast category (i.e., equally liked animal
pictures), food cues were more potent in grabbing attention. Thus,
the current study extends previous research on food-cue related
attentional biases by showing that even in contrast to compara-
2 Results remained the same when we included this participant with the
original BMI change scores in our data analysis.
Figure 2. Correlation of adjusted body mass index (BMI) change after 6
months (in %) in children with obesity (n  32) and initial orientation bias
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tively attractive other objects, food cues are more capable of
grabbing early attention.
Another explanation for the diverse results could be that all
children have an innate attention bias for food, yet attention bias
for food might wane in healthy-weight children during the course
of their development, whereas attention bias for food might remain
heightened, in contrast to other stimuli in the environment, in
children with obesity. However, this argument is purely specula-
tive and future research should further investigate how attention
biases for food change over time in healthy-weight and obese
children.
In this respect, the results concerning our second hypothesis
might be important in showing that a bias in initial orientation
toward food positively predicted weight gain after 6 months in
children with obesity who were enrolled in a weight loss interven-
tion. This finding supports the hypothesized role of attention in the
etiology and maintenance of obesity: directing attention toward
food might be a vulnerability factor for overconsumption, and thus
subsequent weight gain. However, based on our results it is not
clear if this process is specific for children with obesity following
a lifestyle intervention or could also be observed in healthy-weight
children or children with obesity who are not enrolled in a lifestyle
intervention. Yet, in general, our findings are in line with results
obtained in adolescents and young adults. For example, a neuro-
imaging study yielded that activity in brain regions associated with
attention, during the presentation of food cues, was positively
related to BMI and weight gain over 12 months in female adoles-
cents (Yokum et al., 2011). Similarly, another study demonstrated
that Stroop interference for unhealthy food words predicted weight
gain in a mainly healthy-weight student sample, whereas Stroop
interference for healthy food words negatively predicted weight
change (Calitri et al., 2010). A clinical implication of this finding
is that attentional retraining might be a useful adjunct to treatments
that focus on weight-loss for obese children. Just recently a novel
study supported this notion by showing that an attentional training
was related to eating in the absence of hunger in obese children
(Boutelle, Kuckertz, Carlson, & Amir, 2014).
With regard to the role of specific temporal attention compo-
nents, it is interesting to note that the early attention component
was associated with reduced weight loss or even weight gain in the
current study. In contrast, previous research on substance use and
food intake suggested that a later attentional component, namely
maintained attention, was associated with subsequent consumption
(e.g., Field et al., 2009; Werthmann, Roefs, Nederkoorn, & Jansen,
2013). A possible explanation for this divergence could be that a
later attention component reflects a rather conscious decision
about eating, and thereby predicts immediate consumption. Early
attention, on the other hand, might reflect less conscious motiva-
tional vulnerability to overconsumption, and thereby predicts
weight change over time. Yet, this conclusion is rather speculative
and further research is needed to determine the impact of different
temporal attention components on eating behavior and weight
change over time.
Our results should be viewed under the limitations of our study:
Even though a pilot test indicated that children rated animal
pictures as similarly well liked as food pictures, we did not ask
children in the current study to rate the attractiveness of animal and
food pictures. Accordingly, it is possible that the participating
children preferred food pictures over animal pictures and this
could have affected the observed results. Moreover, even though
all children were tested in the morning, after breakfast, we did not
formally check if all children indeed consumed breakfast and did
not assess subjective hunger states. Considering that research (e.g.,
Loeber, Grosshans, Herpertz, Kiefer, & Herpertz, 2013) suggests
that hunger influences an attention bias for food, the current results
should be viewed under this limitation.
Differences in the testing environment for obese children (uni-
versity/hospital) and healthy-weight children (schools) might have
induced different mind-sets: Obese children might have been more
focused on a healthy mind-set whereas healthy-weight children
might have been less focused on a healthy mind-set. Previous
research demonstrated that such a mind-set can influence implicit
measures of food evaluation (Roefs et al., 2006). Thus, even
though speculative, it is possible that our results underestimate the
attentional bias in children with obesity, because obese children’s
attention bias for high-calorie food might have been attenuated by
a testing environment that is associated with “health.”
In addition, as mentioned previously, our results on the relation
of an attentional bias and BMI change over time apply only for
children with obesity participating in a lifestyle intervention to lose
weight and might be underpowered. Future studies should there-
fore extend our results and test the impact of an attentional bias on
weight change within a larger sample of both healthy-weight
children and children with obesity who are not enrolled in a
lifestyle intervention.
Despite these limitations, the present study has several
strengths. A highly innovative aspect of the current study is that
the relation of visual attention bias for food and BMI differences
was measured within a pediatric sample and the relation of an
attentional bias for food and weight change was explored in obese
children following a lifestyle intervention to lose weight. A major
methodological strength is the combination of an indirect and a
direct assessment for biased attention. Another novelty of this
study was the use of valence-matched nonfood stimuli (i.e., pic-
tures of cute animals) as a contrast to the food stimuli, which is
also a methodological strength because these picture pairs were
pilot-tested with regard to the attractiveness of depicted food/
animals.
Taken together, the current findings might partly explain how
the current food environment influences children’s eating behav-
ior: food cues grab the attention of all children, even when other
attractive alternatives are available. Our results moreover suggest
that biased attention for high-calorie foods increases the chance of
future weight gain in children with obesity. Our results stress the
“toxic” impact of an obesogenic food environment on children’s
perception and on obesity in children.
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